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Dissipation of small-scale acoustic modes
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Dissipation of small-scale acoustic modes
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CMB spectral distortions
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CMB spectral distortions
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Spectral shapes of distortions
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Spectral distortions probe the primordial
power spectrum at very small scales

\\\w Pajer & Zaldarriaga, PRL 2012

o 2.0 d CMB: k > 0.2 Mpc! erased by Silk damping
-]

21-5‘ d LSS: k > 0.2 Mpc! very non-linear

=

< O Spectral distortions extend our lever arm up

1.0} to k = 103 Mpc~! in the linear regime!
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k Mpc
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Aside from average distortions...
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Anisotropies of spectral distortions from
non-Gaussian primordial perturbations
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Anisotropic distortions from non-Gaussianity

kg~103 Mpc*

kL~O.057 Pajer & Zaldarriaga, PRL 2012
Mpct

O Multi-field inflation and non-Bunch-Davies vacuum models predict sizeable, scale-dependent,
non-Gaussianity of the primordial perturbation field

O Non-gaussian couplings between short- and long-wavelength modes modulate the damping of
primordial perturbations across different different directions in the sky

= Anisotropic u-distortions ~ C,*
 Non-gaussian couplings = correlation between CMB temperature and p-distortion anisotropies!

= ;" = fuu(k = 10° Mpc™) (u) p(£)C; Y
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Anisotropic distortions from non-Gaussianity

kg~103 Mpc*

kL~O.057 Pajer & Zaldarriaga, PRL 2012
Mpct

O Multi-field inflation and non-Bunch-Davies vacuum models predict sizeable, scale-dependent,
non-Gaussianity of the primordial perturbation field

O Non-gaussian couplings between short- and long-wavelength modes modulate the damping of
primordial perturbations across different different directions in the sky

= Anisotropic u- and y-distortions ~ C{f‘”, Cg’y

 Non-gaussian couplings = correlation between CMB temperature and p-distortion anisotropies!

= ;" = f(k = 10° Mpc™) (u) p(£)C; "
\=> C7" = fu(k = 10 Mpc™) (y) 5(O)C;

-+ Enhanced distortion signals by cross-correlation with CMB temperature anisotropies!




Anisotropic distortions from non-Gaussianity

kg~103 Mpc*

kL~O.057 Pajer & Zaldarriaga, PRL 2012
Mpct

O Multi-field inflation and non-Bunch-Davies vacuum models predict sizeable, scale-dependent,
non-Gaussianity of the primordial perturbation field

O Non-gaussian couplings between short- and long-wavelength modes modulate the damping of
primordial perturbations across different different directions in the sky

=> Anisotropic u- and y-distortions ~ C,*, C;”
 Non-gaussian couplings = correlation between CMB temperature and p-distortion anisotropies!

= €} = fu(e =10 Mpc™) () p()C,
= 7" = fu(k = 10 Mpc™) (y) 5(OYC;

New pivot scales to probe the scale-dependence of primordial non-Gaussianity!
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CMB polarization adds more leverage!

] Ravenni et al
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Huge dynamic range of scales between
CMB and u-distortion probes

— Mild scale dependence allows for large fyr, values at large wavenumber k
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Orders of magnitude
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Degree of correlation: uxXE vs uxT

pE correlation
larger than
uT correlation!
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Questions

J Can we detect uT and uE correlated anisotropies with a
future CMB satellite like LiteBIRD?

d What constraints on fl\fL(k ~ 740 Mpc™1) can be
achieved with LiteBIRD in the presence of foregrounds?

J How much do we gain on fyi sensitivity by including
cross-correlations with CMB E-mode polarization?



Distinct spectral signatures of distortions
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Foregrounds obscure SD anisotropies
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Foregrounds obscure SD anisotropies
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Analysis
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Correlated map simulations using Cholesky

u-distortion anisotropies (f{, = 4500)

—
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Correlated map simulations using Cholesky

60’ resolution
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Correlated map simulations using Cholesky

CMB E-mode polarization anisotropies

60’ resolution

B = e
-5 UKcemB 5
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Mathieu Remazeilles CMB-France #2 15-16 Nov 2021



Correlated map simulations using Cholesky
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Foregrounds simulation (temperature)

Thermal dust at 280 GHz
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Foregrounds simulation (polarization
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Component separation: classic ILC ?

| \

u-distortion
anisotropies

data

d(v,n) = alv)u(n) + b(v)T(n) + foregrounds(v, 1) + noise(v, n)

CMB temperature
anisotropies

The classic ILC method forms an estimate of the u-map as

am) = 2 w(v)d(v,n) suchthat -
v

( (fi (N)?) of minimum variance

2 wv)alv) =1
\ v

Remazeilles & Chluba, MNRAS 2018
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Component separation: classic ILC ?
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Component separation: classic ILC ?
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The classic ILC method forms an estimate of the u-map as

( (fi (N)?) of minimum variance

am) = 2 w(v)d(v,n) suchthat -
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residual CMB anisotropies!
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Component separation: classic ILC ?
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Component separation: classic ILC ?

d(v,n) = alv)u(n) + b(v)T(n) + foregrounds(v, 1) + noise(v, n)

data | \
o u-distortion CMB temperature
anisotropies anisotropies

The classic ILC method forms an estimate of the u-map as

( (fi (N)?) of minimum variance

am) = 2 w(v)d(v,n) suchthat -
v

2 wv)alv) =1

\
residual CMB anisotropies!

g@ =p® + (2 w(v) b(v)) T(A) + -
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Component separation: constrained ILC !

d(v,n) = alv)u(n) + b(v)T(n) + foregrounds(v, 1) + noise(v, n)

data | \
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The elassielLG constrained ILC method forms an estimate of the u-map as

( (fi (N)?) of minimum variance
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2 w@) b(v) = 0
\ v
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Component separation: constrained ILC !

d(v,n) = alv)u(n) + b(v)T(n) + foregrounds(v, 1) + noise(v, n)

data | \
P u-distortion CMB temperature
anisotropies anisotropies

The elassielLG constrained ILC method forms an estimate of the u-map as

( (fi (N)?) of minimum variance

p() = 2 w()d(v,n) suchthat < Z wv)a(v) =1

%

Extra constraint to guarantee the cancellation of CMB residuals

Z w@) b(v) = 0

Remazeilles et al MNRAS 2011 Remazeilles & Chluba, MNRAS 2018



Component separation: constrained ILC !

d(v,n) = alv)u(n) + b(v)T(n) + foregrounds(v, 1) + noise(v, n)

data | \
. u-distortion CMB temperature
anisotropies anisotropies

The elassielLG constrained ILC method forms an estimate of the u-map as

( (fi (N)?) of minimum variance

p() = 2 w()d(v,n) suchthat < Z wv)a(v) =1

2 w@) b(v) = 0
\ Y
—0

Zero residual

am) = pum) + ( w(v) b(v)) T(1) + - .
Z / TT correlation!
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L|teBIRD, f]\l/lL — 4500 Remazeilles,

Ravenni, Chluba

without foregrounds (2110.14664)
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L|teBIRD, f]\l]tL — 4500 Remazeilles,

Ravenni, Chluba

without foregrounds (2110.14664)
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Classic ILC vs Constrained ILC

i L fH :
L'teB'RD'T::;O‘;SOO Classic ILC methods suffer from
d spurious TT correlations due to residual

CMB anisotropies in the u-map

The Constrained ILC fully recovers
the correlated uT signal without bias

Remazeilles, Ravenni, Chluba (2110.14664)
Remazeilles & Chluba, MNRAS 2018
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L|teBIRD, f]\l]tL — 4500 Remazeilles,

Ravenni, Chluba

without foregrounds (2110.14664)
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L|teBIRD, f]\l/lL — 4500 Remazeilles,

Ravenni, Chluba

W|th f()reg rou ndS (2110.14664)
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LiteBIRD null test, f;;, =0 remazeiss

Ravenni, Chluba

without foregrounds (2110.14664)
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LiteBIRD null test, f;;, =0 remazeiss

Ravenni, Chluba

W|th f()reg rou ndS (2110.14664)
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Forecasts on fy (k = 740 Mpc™1)
uXxT

Remazeilles, Ravenni, Chluba (2110.14664) LiteBIRD simulation
S (fiducial) 10° 10% 4500 0 4500 0
(w/o foregrounds)  (w/o foregrounds)
uxT (0.97 £0.02) x 10°  (1.05+0.12) x 10* 5264+ 1286 951 + 1286 4348 + 152 8.2 + 103
[5007] [807] [3.507] - [3007] -
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Forecasts on fy (k = 740 Mpc™1)
uXxT

Remazeilles, Ravenni, Chluba (2110.14664) LiteBIRD simulation
S (fiducial) 10° 104 4500 0 4500 0
(w/o foregrounds) | (w/o foregrounds)
uxT (0.97 £0.02) x 10°  (1.05+£0.12) x 10* | 5264 + 1286 951 + 1286 4348 + 152 8.2+ 103
[5007] [807] [3.507] - [3007] -

Foregrounds degrade the sensitivity to f ﬁL by about a factor of 10
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Forecasts on fy (k = 740 Mpc™1)

UXE

Remazeilles, Ravenni, Chluba (2110.14664)

LiteBIRD simulation

£ (fiducial)

10° 10 4500 0 4500 0
(w/o foregrounds)  (w/o foregrounds)
(0.97 £0.02) x 10°  (1.05+£0.12) x 10* 5264 + 1286 951 + 1286 4348 + 152 8.2+ 103
[5007] [807] [3.507] [3007] -
(0.96+0.01)x 10> (0.91+£0.11)x 10* 3779+ 1089 —534 + 1084 4366 + 108 0.9+76
[10007] [907] [407] [4207] -

p s H
UE provides more constraining power than uT on f,
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Forecasts on fy (k = 740 Mpc™1)
uxT, E (joint)

Remazeilles, Ravenni, Chluba (2110.14664) LiteBIRD simulation
S (fiducial) 10° 10% 4500 0 4500 0
(w/o foregrounds)  (w/o foregrounds)
uxT (0.97 £0.02) x 10°  (1.05+0.12) x 10* 5264+ 1286 951 + 1286 4348 + 152 8.2 + 103
[5007] [807] [3.507] - [3007] -
uxE (0.96 £0.01)x 10>  (0.91 £0.11)x 10* 3779 £ 1089  —534 + 1084 4366 + 108 0.9 +76
[10007] [907] [407] - [420] -
uxT,E (joint) (0.97+0.01)x10°  (0.97 £0.08) x 10* 4425 + 827 95 + 824 4329 + 90 —2.8+62
[10007] [1107] [S07] - [4807] -

50 detection of fi., = 4500 after foreground cleaning

LiteBIRD detection limit o(f},, = 0) < 800 in the presence of foregrounds
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Takeaway

O The Constrained ILC method enables to recover uT and uE correlation signals without bias

O Foregrounds degrade the sensitivity to f,; (k =~ 740 Mpc™1) by a factor of 10

O LiteBIRD detection limit a(fl\ﬁ‘L = 0) < 800 from joint uT, uE analysis after foreground cleaning

O uE correlations provide more constraining power than uT correlations on fy; !

« Because the degree of correlation between y and E is larger than thatof y and T
« Because foregrounds are less complex in polarization than in intensity
» Because the CMB E-mode map is immune from u-distortion anisotropies

O Using SD anisotropies, LiteBIRD may allow to shed light on scale-dependent non-Gaussianity
and non-standard models of inflation:

* Multi-field inflation Dimastrogiovanni et al, JCAP 2016
« Non-Bunch-Davies initial conditions Ganc & Komatsu, PRD 2012
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